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MARION E. HOWARD
Evidence has been accumulating from many sources that infection
with the virus of lymphocytic choriomeningitis may produce a vari-
able clinical picture in man. The finding by Armstrong and others28
of neutralizing antibodies in 18 per cent of 680 random sera from
all over the United States indicated that the disease was widespread,
although a review of the histories of the cases possessing virus anti-
bodies in their blood suggested that in many instances the infection
was asymptomatic or often overlooked.
With the intent to clarify the clinical manifestations of this
disease in man, Lepine and his co-workers"4 inoculated a group of
paretics with a mouse-brain emulsion of the virus, and followed the
clinical course of the disease. An incubation period of 36 to 72
hours was followed by a febrile period of from a few days to as long
as three weeks, during which time grippal symptoms were present.
Meningeal signs, which appeared in approximately half of the cases,
were relatively late in occurrence, 15 or more days after inoculation,
and were accompanied by fever and a lymphocytic response in the
spinal fluid as high as 800 cells. With recovery neutralizing anti-
bodies were demonstrable in the serum though their presence was
not constant. The course of the disease in all instances was mild;
no complications, sequelae, or deaths were reported.
It has been clear, since Wallgren's original description27 of
benign, aseptic, lymphocytic meningitis, that not all cases answering
his clinical criteria have been due to the virus of choriomeningitis
even when tuberculous meningitis, central nervous system syphilis,
abortive poliomyelitis, and obvious otitis media and sinusitis are
excluded. On the other hand, a review of the literature of this
infection suggests that the clinical picture may be other than a
benign lymphocytic meningitis of acute onset and short duration.
There has recently appeared a case report of recurrent meningitis
* From the Department of Internal Medicine, Yale University School of Medi-
cine and the Medical Service of the New Haven Hospital. Aided by a grant from
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due to this virus."2 Cases in which fever has persisted for weeks or
months have been recorded,2' 6 7 19,26 and it has been noted that
spinal fluid changes may be slow in disappearing.3'9'10 A chronic
arachnoiditis has resulted in one instance.' Sequelae such as per-
sonality changes, fatigue, headaches, impairment of memory, mental
depression,8'22 25 paralysis, 4, 15 and mild Parkinsonian syndrome17
have added to the impression that the infection may extend
beyond the meninges. Six deaths have been attributed to the
infection.'6' 21, 23, 24
In many of the instances cited above, infection with the virus of
choriomeningitis had been suspected but laboratory evidence was
lacking. The diagnosis has been proved in a sufficient number of
cases, however, to suggest that the clinical picture may be one of
three types:" mild cases of short duration without meningeal signs;
cases of acute benign lymphocytic meningitis; cases of meningo-
encephalitis, more prolonged in course, sometimes followed by
sequelae and occasionally fatal.
Thirty-three cases presenting a variety of neurological findings
and a lymphocytic response in the spinal fluid have been studied
during the past three years with the view to determining the inci-
dence of choriomeningitis and the diversity of its clinical manifesta-
tions. Among these there were six cases from which the virus was
isolated from the spinal fluid and two fatal cases in which it was
found in the brain tissue. The present paper deals with a report of
these eight cases, the spinal fluid findings, and the virus studies.
CASE REPORTS
Case 1. Mild infection without neurological signs.
R. S., white male of 36 years. New Haven Hospital, No. A-94,415.
June 10, 1939. Patient awoke at 7:00 A. M. with severe frontal head-
ache which radiated to the back of his head. His ankles and wrists felt sore
as he lay in bed. There was severe pain in his feet which increased on walk-
ing. He tried to work but came home and went to bed at 11 o'clock.
Temperature found to be 1010 in the afternoon and he was given bromides,
salicylates, and barbiturates. He slept poorly that night.
June 11. Symptoms more severe and the patient spent a restless day and
sleepless night.
June 12. A red macular eruption was noted on the trunk and extremities,
which his doctor thought might be a drug rash. His other symptoms con-
tinued unabated.
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June 13. In addition to severe headache and already present joint symp-
toms, the left knee became stiff and painful on motion. There was no history
of a preceding cold or upper respiratory infection.
Physical examination: Admitted to the hospital at 8:00 A. M., T. 102.40,
P. 84, R. 26, B.P. 118/84. Patient was perspiring freely. Scattered
irregularly over the trunk and proximal extremities, as well as on the palms of
the hands, were purplish-red, edematous lesions, varying from a few mm. to
a cm. in diameter, guttate as well as ovoid in shape. They did not fade on
pressure. The hands seemed a little puffy, but there was no obvious redness
or swelling of the joints. The neck was not stiff. Throat was fiery red.
Roof of the mouth appeared somewhat greyish with superficial desquamation
of the mucous membrane in a few circular areas. There were superficial thin
greyish patches on the gums. Heart, lungs, and abdomen were not remark-
able. Reflexes were present, equal and active. There was weakness of the
extremities, most marked in the grip of the hands, probably due to pain in the
wrists.
Laboratory data:
Throat culture: Alpha streptococci, staphylococci, influenza bacilli, and
pneumococci present.
N.P.N.: 32 mg. %o.
Blood cultures: aerobic and anaerobic in broth, in ascitic broth, on
agar and ascitic agar, showed no growth.
Tuberculin test negative to 0.01 mg.
Blood: R.B.C. 4.95 million, Hgb. 97%, W.B.C. 22,500, Polys.
90%o, Lymphs. 8%o, L.M. 2%.
Urine: clear amber, acid, sp. gr. 1.022, albumin 0, sugar 0; no
R.B.C., W.B.C., or casts in the sediment.
Spinal fluid findings are reported in Table 1.
Course in hospital: The fever dropped slowly during the first 5 days of
hospital stay. Joint pains abated; the rash gradually faded; headache cleared
rapidly following lumbar puncture on the 7th day. In fact, he felt so much
improved that two days later, June 21, 1939, he left the hospital against
advice. He was seen again on August 9 and on December 7. On both
occasions mhe was without complaint, and physical examination revealed no
sequelae.
Case 2. Benign lymphocytic meningitis.
M. B., white male of 9 years. Waterbury Hospital.*
February 16, 1939. Sore throat with swollen cervical glands.
February 19 to 25. Feeling well.
*This case is included through the kindness of Dr. A. H. Jackson.
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February 26. Patient began to complain of headache at noon. During
the afternoon he developed pain in his back when he bent his head forward.
The father noticed the boy was feverish.
February 27. At 5 o'clock in the morning the patient vomited his din-
ner from the day before; there were no convulsions. He was admitted to
the hospital during the morning.
Physical examination: The patient was alert and cooperative and in no
pain or distress. Tonsils and pharynx slightly injected. No cervical aden-
opathy detectable. There was marked stiffness of the neck to passive motion
and active flexion caused pain in the lower back. On neurological examina-
tion, no abnormalities of the cranial nerves were found. There was no muscle
weakness. Deep reflexes of the right arm were greater than the left and
those of the left leg greater than the right. Abdominal reflexes missing on the
left. The Kernig was negative and there were no sensory changes.
Laboratory data: Data other than the spinal fluid findings (Table 1)
were not furnished in this case.
Course in hospital: On admission, lumbar puncture revealed the spinal
fluid to be under increased pressure, but exact dynamics are not known. The
spinal fluid findings are reported in Table 1. There was marked improve-
ment in the general condition as the spinal fluid cleared, and he was discharged
March 16, 1939. Unfortunately, it was not possible to see the patient for
follow-up examination but the parents reported he was very well in January,
1940, 6 months after the acute illness.
Case 3. Mild encephalitis.
G. W., white male of 6 years. Bridgeport Hospital.*
May 19, 1939. About the middle of May, and three weeks before the
onset of the present illness, the patient developed measles from which he
recovered without complications.
June 7. The child refused to eat his lunch and complained of headache.
He vomited once during the evening.
June 8. Headache and anorexia persisted with occasional bouts of vomit-
ing during the day. Temperature ranged between 102° and 1030. The
boy was drowsy and irritable.
June 9. Patient complained of abdominal pain, and appendicitis was feared.
Physical examination at this time was essentially negative. Temperature was
102°; the patient was irritable and quite drowsy.
June 10. Symptoms persisted. Admitted to the Bridgeport Hospital.
Here the physical examination was negative, neither stiff neck nor positive
Kernig being noted. The drowsiness and irritability suggested the possibility
of a post-measles encephalitis and a lumbar puncture was done. The findings
are reported in Table 1.
* This case was made available through the kindness of Dr. E. C. Taylor.
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Laboratory data:
Blood: R.B.C. 4.24 million, Hgb. 72%, W.B.C. 8,750, Polys. 62%,
small lymphocytes 28%o, monos. 10%.
Urine: negative throughout.
Course in hosttal: The patient improved remarkably following lumbar
puncture. Temperature slowly subsided, reaching 98.6' 5 days after hospital
admission and remaining normal thereafter. Convalescence was uneventful.
No follow-up examination was made but the physician reported the
patient in good health 4 months after the acute illness.
Case 4. Mild encephalitis.
J. D., white male of 22 years. New Haven Hospital, No. A-76,810.
March 26, 1939. Injured left middle finger.
March 27. Patient was awakened at 5:00 A. M. with a throbbing pain
in the left middle finger. Tip of the finger was tense and red with an
area of localized pus beneath the nail. Portion of the nail was removed
under local anesthesia.
March 30. Finger not improved. There is redness about the base of the
nail which is elevated on an edematous bed; maximum tenderness at the
tip.
April 1. Definite evidence of pus about the nail-bed. The nail was
removed under novocaine and a small gauze pack inserted.
April 2 to 17. Patient went home April 2 for a short holiday and found
he was drowsy and inclined to sleep most of the time. On his return to
New Haven, and up to the time of hospital admission, a period of about two
weeks, the following symptoms were noted: occipital headache and a feel-
ing of soreness behind the eyes would come on after reading and would
become so severe that patient had to stop work. He suffered with occasional
fleeting attacks of light-headedness at infrequent and irregular intervals with-
out any known cause. Several times a day he felt diffuse and crampy abdom-
inal pain, never lasting longer than 5 minutes and without any association with
meals. Anorexia increasing to the point of nausea after the taking of solid
food had forced him to a liquid diet. Occasionally there was chilliness but
no sensation of fever or soreness of joints or muscles. There was no history
of sore throat. Because of the eye symptoms, his eyes were refracted on April
14 and new glasses prescribed. Bowels were regular until April 15 when
they became costive. Afternoon temperature of 101.4' was noted on April
15 and 16.
April 17. Admitted to the hospital.
Physical examination: T. 100.8°, P. 72, R. 20, B.P. 122/70. Patient
was drowsy, face flushed, and conjunctivae injected. Facies somewhat immo-
bile with a suggestion of asymmetry, the right lower face tending to lag.
There were no signs of meningeal irritation, no ocular palsies or pupillary
anomalies. Deep reflexes on the left were somewhat livelier than on the
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right. Left middle finger showed signs of healed recent infection of the nail
and terminal phalanx. The edge of the liver extended 2 cm. below the costal
margin.
Laboratory data:
Blood: R.B.C. 5.2 million, Hgb. 94%, W.B.C. 12,300, Polys. 72%o,
Lymphs. 22%o, L.M. 4%o, Eos. 2%o.
Urine: straw colored, alkaline, sp. gr. 1.013; albumin, sugar, and
acetone, negative. No cells or casts in the sediment.
Blood culture: no growth aerobically or anaerobically.
Stool culture: no intestinal pathogens.
Agglutinations negative in all dilutions for typhoid, para-typhoid A and
B, and Brucella abortus.
Throat culture: moderate growth of Staphylococcus albus, Alpha
streptococci, and H. influenzae.
Spinal fluid findings listed in Table 1.
Course in hospital: Temperature slowly dropped to normal during the
first week of hospitalization. Severe occipital headache persisted until May
1 and seemed to be made worse by the lumbar punctures. At the time of
discharge May 8, 1939, the facies were still slightly immobile with a moderate
asymmetry. There were poorly sustained upper facial movements on the left.
These were no longer noticeable on July 15, though with fatigue the patient
noted pain behind the eyes and at the back of the neck which radiated to
the crown of the head. By December, 1939, all signs and symptoms had
cleared.
Case 5. Encephalitis.
R. G., white female of 16 years. New Haven Hospital, No. B-2221.
March 14, 1940. Patient complained of sore throat on returning from
school. Temperature found to be 100 and she was put to bed.
March 16. Felt better.
March 17. Patient felt worse again; temperature 1000, and she com-
plained of nausea and abdominal cramps. An enema relieved the latter.
March 18, 19, and 20. No fever. Patient felt better.
March 21. Up most of the day. In the evening she complained of
severe abdominal pain and nausea.
March 22. Abdominal pain continued despite enemas and the patient
seemed apprehensive and was unable to sleep even with sedation.
March 23. Patient said she did not feel normal. She indicated vaguely
that her head bothered her.
March 24 to 27. Difficulty in sleeping continued. There were spells
of anxiety, nervousness, and fright. Patient complained of dizziness, weak-
ness, and diplopia.
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April 1. Hospital admission advised because of continued complaints and
mild fever. It was also hoped that the differential diagnosis between a post-
infectious encephalitis and a mild infection in a psychopathic personality
might be clarified.
Physical examination: T. 100°, P. 120, R. 24. On examination the
patient, a slightly obese girl of 16, was moderately drowsy, apprehensive, and
uncooperative. Left pupil larger than the right; both reacted to light. Slight
weakness of the right external rectus muscle. Ophthalmoscopic examination
revealed the discs to be pale with slight blurring of the disc margins. The
neck was not stiff. Heart, lungs, and abdomen not unusual. Reflexes all
equal and hyperactive.
Laboratory data:
Blood: R.B.C. 4.25 million, Hgb. 81%'o, W.B.C. 19,500, Polys.
71%o, Lymphs. 32%o, L.M. 3%o.
Urine: clear, yellow, acid. Albumin, faint trace; sugar, acetone, and
sediment, negative.
N.P.N.: 32 mg. %.
Ascheim-Zondek: negative. This was done because the last menstrual
period had been in February.
Spinal fluid findings are given in Table 1.
Course in hospital: Temperature remained around 1000 for the first
10 days of hospitalization. The patient remained somewhat negativistic and
was uncooperative during her entire stay of 17 days. Weakness of the right
external rectus improved, as did the blurring of the disc margins. No follow-
up has been possible to determine how grave a behavior problem she still
remains.
Case 6. Severe encephalitis. Fatal.
H. H., white female of 27 years. New Haven Hospital, No. A-94,368.
April 21 to 23, 1939. Cold, for which patient stayed in bed.
April 24 to 28. Back at work and apparently well.
April 28. In the afternoon complained of numbness of the left arm and
leg and general weakness. It was noted that her speech was thick and that
she dragged her left leg on attempting to walk.
May 3. Admitted to St. Vincent's Hospital. Temperature 100.20.
Left-sided weakness with hyperactive reflexes and congenital heart disease
were noted. Spinal fluid reported as negative.
May 13. Patient developed right-sided hemiplegia, with stupor and incon-
tinence. Spinal fluid again reported as negative. Thereafter her eyes were
drawn to the left. She remained in this stupor for several days, then gradu-
ally she began to move her limbs. She slowly improved, regaining her power
of speech and ability to swallow. Throughout her hospital stay her temper-
ature ranged from normal to 100.20.
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June 8. Transferred to New Haven Hospital for diagnosis and treat-
ment.
Physical examination: T. 101.80, P. 100, R. 32, B.P. 130/80. Patient
slightly euphoric and grimaced throughout the entire examination. She dis-
played difficulty in concentrating; loss of ability to compute simple sums.
There was complete loss of conjugate deviation to the right and upward;
slight nystagmus on left lateral deviation, and right lower facial paralysis.
Limited motion of the soft palate and absence of the gag reflex were associated
with some dysarthria and nasal voice. The tongue deviated slightly to the
right. Deep reflexes were hyperactive and equal except in the right arm
where they were more active than elsewhere. Impairment of motor function
in right arm and leg without spasticity was present. Finger-to-nose test was
impaired on the right and dysdiadokokinesis in this extremity was probably due
to weakness and hypotonia.
Laboratory data:
Blood: R.B.C. 4.63 million, Hgb. 91%o, W.B.C. 18,300, Polys. 86%o,
Lymphs. 11%S, L.M. 2%o, Eos. 1%.
Urine: yellow, turbid, acid, sp. gr. 1.014; albumin, sugar, and sedi-
ment, negative.
Blood cultures: repeatedly negative.
Sedimentation rate: corrected, 30.
Throat culture: Alpha streptococci, staphylococci, and pneumococci.
X-ray of chest: fine mottled infiltration suggestive of passive conges-
tion.
Lumbar puncture findings recorded in Table 1.
Course in hospital: Patient's course was progressively downhill. The
grimacing, emotional instability, and thick speech grew worse. Mood varied
between marked euphoria and deep depression. Visual and auditory hallucina-
tions became a prominent part of the picture. She became disoriented, incon-
tinent. Movements of the extremities were jerky and aimless; at times she
tossed about in bed and injured herself. Her mental state became such that
it seemed advisable to commit her to a mental hospital.
July 21, 1939. Admitted to Connecticut State Hospital (No. 30,822).
For the first few days she was disoriented as to time and place, yet recognized
people; she displayed a silly childish attitude, was uncooperative and soiled
herself. Her gait was staggering and flopping and she would swing her arms
about.
Aug. and Sept., 1939. She gradually improved in that she took better
care of herself and was assigned to occupational classes. On the afternoon
of September 29, she attended a moving-picture show. On her return to the
ward she suddenly sank into a chair and began to show jerky movements
of the left leg. She appeared in a profound stupor. Left arm and leg were
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non-resistant to passive motion, but in the right arm there was considerable
resistance. Left knee-jerk hyperactive and Babinski was positive on this side.
She expired very quickly. Cisternal puncture revealed a clear fluid. Post-
mortem examination was refused.
Case 7. Fatal hemorrhagic encephalitis.
F. F., white male of 22 years. New Haven Hospital, No. A-90,192.
Patient is a 22-year-old white male machinist, brought to the hospital on
Sept. 16, 1938, in a semi-comatose condition.
Sept. 9, 1938. Patient developed a cold with running nose, cough, and
slight sputum.
Sept. 13. Complained of mild sore throat and headache.
Sept. 14. Diminished hearing, right ear, was noted.
Sept. 15. Worked as usual but returned home very tired. Went to
bed immediately after supper.
Sept. 16. This morning the patient did not get up; he was drowsy but
apparently oriented. Became increasingly drowsy during the morning and
lapsed into semi-coma during the afternoon. Hospitalization advised.
Physical examination: T. 104°, P. 96, R. 32 and stertorus. B.P.
115/80. A well-developed, rather thin boy of 22 in stupor. He was unable
to respond to questions but did respond to painful stimuli. There were no
evidences of any head trauma. Patient moved all limbs readily. There was
an external strabismus on the left. Pupils were of moderate -size, equal, and
reacted fairly well to light. The discs were slightly hazy, veins congested
but the arteries not remarkable. The nose drained a thick white discharge.
Mouth was dry and full of mucus, tongue dry and coated, throat was slightly
reddened. No evidence of otitis media was found. There was slight rigidity
on extreme forward flexion of the head. Moderate enlargement of the cer-
vical lymph nodes, bilaterally, was noted. Lungs were clear except for coarse
tracheal rales. Heart was not enlarged, sounds of fair quality, rate rapid,
rhythm regular, no murmurs. Abdomen was flat and nothing abnormal was
detected on examination. Many old scars, including those of severe burns,
were found on the extremities, but none were of recent origin. The deep
reflexes were slightly hyperactive but equal; abdominals were absent. There
was unsustained ankle clonus on the right. Babinski was negative bilaterally.
Laboratory data:
Blood: R.B.C. 4.34 million, Hgb. 91%o, W.B.C. 11,500, Polys.
86%o, Lymphs. 14%o.
Urine: clear, yellow, acid, sp. gr. 1.023; albumin very faint trace;
sugar, acetone, and sediment, negative.
N.P.N.: 48 mg.%o.
Repeated blood cultures: negative.
Spinal fluid findings given in Table 1.
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Course in hospital: A rapidly progressive course led to a fatal termina-
tion on Sept. 21, 1938, after 5 days of hospitalization. Coma gradually
deepened. He developed a flaccid quadriplegia with absence of all reflexes.
Acute retention developed and urine had to be expressed. Temperature rose
to 1070 on the 3rd day and thereafter ranged between 103 and 1060.
Clinical diagnosis: Encephalitis, etiology undetermined.
Postmortem examination:* The lungs appeared mottled with patches of
focal pneumonia. There was definite bulging of the cut surface which was
deep bluish-red in color, dotted with patches of bright deep red. The bladder
was found to be markedly distended; the wall was thin but the lining mucosa
was everywhere a smooth pale grey-white and was intact. The ureters,
pelves, and calyces of the kidneys were moderately dilated.
Cranial caty: The dura was a thin, translucent, tough, grey mem-
brane. Some flattening of the cerebral convolutions of all the lobes was
obser-ved. No blood or exudate was seen in the subdural or subarachnoid
spaces. There were numerous discrete, glistening white, soft nodules approx-
imately 5 mm. in diameter, scattered over the meningeal surface of the cord.
WVhen the frontal lobes were sectioned in a sagittal plane, clusters of petechial
hemorrhages were seen in the subcortical white matter, often concentrated in
the white matter of the convolutional crests. Not infrequently they were
associated with definite necrosis. A large number of petechiae replaced the
entire right internal capsule and cerebral peduncle. The white matter around
the posterior horns of both lateral ventricles contained showers of petechiae as
well as foci of necrosis. There were hemorrhages in the pontine nuclei.
As the cord was sectioned the cervical portion was found to be intact
in contrast to the thoracic portion where the white matter contained numer-
ous petechial hemorrhages. There was evidence of extensive necrosis
throughout the cord, suggestive of a transverse myelitis. The grey-white
masses in the meninges lay completely within the subarachnoid space and did
not encroach upon the cord parenchyma.
Microscopic picture: There was very little inflammatory reaction in the
cerebral meninges except for an occasional focal collection of lymphocytes,
plasma cells, and leukocytes. The encephalitic lesions involved, with minor
exceptions, the subcortical white matter. Of the basal ganglia, the substantia
nigra alone was extensively implicated. The lesions were perivascular in dis-
tribution and were of four types. In one, the endothelium was swollen,
actively proliferated, with an occasional cell in mitosis. In another there was
perivascular and intramural plasma cell and lymphocytic infiltration. In a
third instance, large numbers of neutrophilic leukocytes permeated the tissues
around vessels which were usually of the venous variety. The most common
type of lesion, however, was the perivascular glial nodule composed of astro-
* Examination of the brain and cord was made by Dr. H. M. Zimmerman to
whom I am indebted for the protocols in Cases 7 and 8.
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cytes, microglia, and fat-granule cells. Fresh hemorrhages of petechial size
were frequently encountered with all of these lesions.
The spinal cord was more extensively involved than the brain. At some
levels there was massive necrosis of both grey and white matter. Associated
with the leukocytic perivascular accumulations, the ganglion cells had com-
pletely disappeared and the myelin was in a state of phagocytosis. Spinal
nerve roots were infiltrated with leukocytes and there was evidence of
demyelination. The spinal meninges contained large clusters of inflammatory
cells, chief of which were neutrophilic leukocytes. This meningeal inflam-
matory reaction accounted for the exudate seen macroscopically. At levels,
both below and above the transverse myelitis, the anterior horn cells showed
extensive ischemic changes.
Anatomical diagnosis: Non-suppurative encephalomyelitis; focal hemor-
rhagic pneumonia (bilateral); dilatation of bladder and ureters.
Case 8. Fatal encephalitis.
F. M., white male of 50 years. New Haven Hospital, No. B-3492.
February 11, 1940. Five days before admission the patient complained
of feeling tired, loss of appetite, generalized aching of muscles, and a constant
dull headache. He said he felt dizzy and as if he were drunk.
February 12. Went to work as usual but came home at noon, com-
plaining of a cold, muscle aches, and the persistent headache. In the evening
he had the "shivers" and felt cold.
February 13. Awoke in the morning bathed in sweat. Besides the
headache, he complained of a funny taste in his mouth that reminded him of
his machine work. Slight unproductive cough was noted at this time.
February 14. Patient vomited once at night, having felt fairly well
during the day and having eaten supper with his family.
February 15. Restlessness was marked; he walked around the house
all day and would not stay in bed. About midnight he became semi-comatose,
with snoring respirations and incontinence of urine and feces.
February 16. On the day of hospital admission, his temperature was
102° in the morning and 104° in the afternoon. He seemed to recognize his
wife and daughter, but answered questions only with monosyllables.
Physical examination: T. 104, P. 110, R. 28, B.P. 140/90. Patient
was semi-stuporous but obeyed commands; there was moderate cyanosis of
lips and nail-beds. Respirations stertorous. Pupils were widely dilated and
did not react to light. The fundi appeared hyperemic but there was no chok-
ing or hemorrhages. The neck was not stiff. Kernig and Babinski were
negative. All deep reflexes were abolished. He moved the upper extremities
but not the lower. Heart, lungs, and abdomen were not remarkable.
Laboratory data:
Blood: R.B.C. 5.28 million, Hgb. 100%, W.B.C. 13,000, Polys.
75%o, Lymphs. 23%o, L.M. 2%o.
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Urine: clear, amber, alkaline, sp. gr. 1.020; albumin, faint trace;
sugar, acetone, and sediment, negative.
Blood cultures: negative.
N.P.N.: 44 mg. %.
Blood sugar: 92 mg. %.
Smear of sputum showed numerous Gram-positive diplococci which
were not type-specific by Neufeld Test. Mouse survived the sputum
inoculation.
Course in hospital: Temperature ranged between 1010 and 105'. Left
hemiparesis including the face developed, followed by forced deviation of
the eyes to the right, and mouse-trap hand (forced grasping) on the right.
Two days after admission, he developed bilateral bronchopneumonia. Despite
supportive measures, he died suddenly in circulatory collapse on the 5th
hospital day.
Clinical impression: Diffuse hemorrhagic encephalitis.
Postmortem examination: (No. 4873.) The mucous membrane of the
bronchial tree was edematous and red; there was a considerable amount of
frothy pink mucopurulent material in the lumina. All of the lobes of the
lung, with the exception of the upper portions of both upper lobes, were
uniformly non-crepitant, swollen, and resistant to palpation. Multiple sec-
tion showed areas of focal pneumonia to be present throughout. A firm, red-
grey thrombus was found plugging one of the vessels of the left upper lobe.
Cranial cavity: On opening the calvarium the cerebral meninges were
dusky and contained traces of blood. Numerous petechiae could be seen
through the meningeal coverings over the right temporal lobe. The brain
was definitely swollen. There was extensive hemorrhagic necrosis of the
right frontal lobe extending into the centrum ovale of the right parietal lobe.
Minute hemorrhages could be seen in the central white matter of the left
cerebral hemisphere. The cornu ammonis on the right was swollen and the
normal markings were blurred. There was no evidence of inflammatory
reaction in the occipital lobes. The cerebellum, pons, and medulla appeared
normal. There was no change in the spinal meninges. The spinal grey
matter in the cervical region appeared congested and there were a few
petechiae as well.
Microscopic picture: The process was essentially a non-suppurating inflam-
matory reaction coupled with extensive parenchymal necrosis. The cerebro-
spinal leptomeninges were infiltrated with a mononuclear exudate in which
lymphocytes and plasma cells were most numerous. There were also present
large mononuclear cells with prominent pink-staining cytoplasmic bodies;
these were probably mononuclear phagocytes. The choroid plexus was
entirely free from exudate. There was a massive destructive reaction in the
right frontal and temporal lobes; to a lesser degree the same type of change
was present in the left cerebral hemisphere. The process consisted of a wide-
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spread replacement of ganglion cells and subcortical medullary sheaths by
large numbers of monocytes, leukocytes, and microglial cells. The latter
were packed so closely as to obliterate the underlying architecture.
Part of this inflammatory degenerative process was associated with
extensive capillary proliferation and endothelial reaction in larger vessels.
Mitoses in the vessel walls were numerous. The endothelial proliferation
had resulted in vascular occlusion from the many foci of necrosis found.
There were several rather large fresh hemorrhages in the temporal lobe.
Collars of plasma cells around vessels were found in both the cortical grey
and subcortical white matter. Individual glia were found undergoing mitotic
division in the latter.
Anatomical diagnosis: Non-suppurative encephalitis and meningitis; aspir-
ation pneumonia, bilateral.
VIRUS STUDIES
It has been the custom to inoculate five Swiss mice and two
guinea-pigs with the spinal fluid under investigation. Combined
intracerebral and subcutaneous or intraperitoneal inoculations are
employed and the inoculating doses vary somewhat with the amount
ofspinal fluid obtained. Usually 0.03 cc. are injected intracerebrally
and from 0.2 to 0.5 cc. intraperitoneally into mice; in guinea-pigs,
0.1 to 0.2 cc. are given intracerebrally and 0.25 to 1.0 cc. subcutane-
ously. Since the virus of choriomeningitis is known to occur spon-
taneously in mouseand guinea-pig colonies and has been described as
a contaminant in many virus studies, the selection and care of
animals has been carefully guarded. The Swiss mice used have been
raised in our own laboratories and tested for the presence of virus
infections by the intracerebral inoculation of broth, starch paste, and
normal mouse brain, at intervals in the past. Guinea-pigs weighing
about 250 gm. have been bought from dealers and kept in a room
removed from the one housing inoculated animals. As each batch
arrives, the animals have been inoculated intracerebrally with 0.2 cc.
of sterile broth and they are held for a month before being used for
virus work. Up to the present time no evidence of a virus infection
has been found among them and they have proved to be uniformly
susceptible to inoculations of known strains of the virus of
choriomeningitis.
Following inoculation with a suspected spinal fluid, the two
guinea-pigs are caged together in a large cage. Thermometers are
sterilized by standing in 95 per cent alcohol at least 10 minutes
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before use, and the hands ofthe operator are washed before touching
another pair of animals. We think by these precautions the possi-
bilities of cross-infections have been minimized. It has been noted
that although guinea-pigs are susceptible to infection through normal
skin, attempts to produce the disease in these animals have failed
when the virus is placed on food or on litter at the bottom of the
cage. Under isolation precautions, infection has not been trans-
mitted to normal control guinea-pigs in closely neighboring cages.20
Isolation of the virus from spinal fluid. Cases 1 to 6. White
mice failed to develop symptoms following the inoculation of spinal
fluid from any of these cases. These animals all succumbed to
reinoculation intracerebrally with a 10 per cent emulsion of a known
strain of the virus. In guinea-pigs, however, fever of 104° to 1050
appeared 5 to 16 days following inoculation with spinal fluid; in 50
per cent of the animals between 5 and 9 days. Death of the animals
occurred 12 to 24 days after inoculation (with one exception, 41
days), and 50 per cent of the animals had died within 15 days fol-
lowinginoculation with spinal fluid. No guinea-pig survived. Sub-
sequent transfers of guinea-pig brain to mice resulted in typical
symptoms in the latter. Crossed reinoculation experiments in mice
recovering from intraperitoneal and intranasal inoculations of these
strains and the Rivers' W. E. strain proved them to be the same.
Isolation of the virus from brain tissue. Cases 7 and 8. There
were two instances in which the virus was not isolated from the
spinal fluid but was found to be present in the brain tissue. In the
case of F. M. (Case 8) a 10 per cent emulsion of brain tissue from
the right temporal and right parietal lobes after storage in glycerine
for 70 days produced fever in 9 days in one instance and in 14 days
in three instances after combined intracerebral and subcutaneous
inoculation into four guinea-pigs. Death occurred 11, 23, 30, and
37 days after inoculation. Mice showed no evidence of infection and
later succumbed to reinoculation with the Rivers' W. E. strain. The
isolation of the virus in Case 7 was more difficult. A 10 per cent
emulsion of fresh brain tissue from the cortex failed to produce
symptoms in either mice or guinea-pigs following combined intra-
cerebral and subcutaneous or intraperitoneal inoculations. These
animals were reinoculated five weeks later with the Rivers' W. E.
strain and all succumbed. When a study of the patient's brain sec-
tions were madelater, and the suggestion that a virus was responsible
for the picture presented, further studies were made. The brain
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tissuehad been inglycerine for 71 days by this time. After washing,
it was frozen in a small press and hammered in the frozen state; it
was then removed to a small mortar and ground as it thawed. The
resulting 10 per cent emulsion was injected intracerebrally into 6
mice, 6 three-day-old Rhode Island Red chicks, and 1 guinea-pig
three weeks old. The mice showed no symptoms. The chickens
were sent to a farm 23 days after inoculation. At that time they
appeared in good health. On February 10, 1939, ten weeks after
inoculation, one of the chicks was dead. Postmortem decomposition
was marked and the brain was removed and stored in 50 per cent
glycerine. It was reported that the other chickens had a peculiar
gait, but by the time the farm was visited they had been killed and
discarded. Fourteen weeks after inoculation the guinea-pig had
died. Temperatures had been taken during the first three weeks
and had been normal. Following that, the animal, caged alone, had
been forgotten except for a report from the caretaker that it ate
poorly and was not gaining weight. The virus of choriomeningitis
was isolated from the brain, lungs, and a pericardial effusion in this
pig and also from the glycerinated brain of the chicken. In the next
serial passage from these sources, mice again failed to show symp-
toms. Fever appeared in the guinea-pigs 11, 13, 17, and 19 days
following inoculation. Death occurred at 17, 18, 23, and 24 days.
Material from thethird guinea-pig passage resulted in typical symp-
toms and death in mice following intracerebral inoculation. Crossed
inoculation studies in mice immunized against the Rivers' W. E.
strain and the strains isolated from the guinea-pig and chicken in
Case 7 and from the guinea-pigs in Case 8, showed all strains to be
related immunologically.
Neutralization tests. Blood for neutralization tests was obtained
from only two of the cases-I and 4. Serum from samples of blood
drawn June 21, August 9, and December 7 from Case 1, approxi-
mately 3, 8, and 26 weeks after the onset of the acute illness, failed
to show any neutralizing effect against the virus isolated from that
patient in either mice or guinea-pigs. With Case 4, blood was taken
on May 22, June 22, August 11, and October 19,-7, 11, 19, and
29 weeks respectively after onset. In no instance were neutralizing
antibodies demonstrable against the patient's strain of the virus with
tests run in mice and in guinea-pigs.
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DISCUSSION
The eight cases described fall into the suggested grouping out-
lined above. The first case presented no neurological signs and the
complaint of persistent headache prompted us to do the lumbar
puncture. The second case was a typical benign lymphocytic
meningitis. The virus was isolated nine and five days, respectively,
after the acute onset in these cases. Encephalitis of varying severity
was found in Cases 3, 4, 5, and 6. Cases 3 and 4 were relatively
mild, recovery was fairly prompt and without sequelae. The onset
was insidious in Case 5, and the course prolonged. It is as yet too
early to be sure of the final outcome. Death occurred suddenly in
Case 6, five months after onset and at a time when improvement in
the mental status was beginning to be noticeable. Although in the
milder cases of encephalitis the virus was isolated from the spinal
fluid early in the course of the disease, in the more severe and pro-
longed forms it could be found as late as 59 days after onset.
It is of interest to note that among the first six cases the lympho-
cytic response in the spinal fluid was highest in the meningeal form
of the disease. Although the cell count was within normal limits in
Cases 5 and 6, a positive Pandy or an increased protein content
was demonstrable. The cell count seems to be of no prognostic sig-
nificance as to the seriousness of the disease.
Acutely fatal cases of hemorrhagic encephalitis proved to be due
to this virus have not been previously described. In neither instance
presented here (Cases 7 and 8) was thevirus isolated from the spinal
fluid; it was recovered from the brain tissue. The pathological pic-
ture presented in these patients was that of widespread hemorrhagic
lesions involving the subcortical white matter of the brain and cord
in one and both the grey and white matter in the other. The menin-
geal reaction was slight and in both instances the choroid plexus was
free. No inclusion bodies, such as those described by Viets and
Warren, were found.
The failure to produce symptoms with the inoculation of fresh
brain tissue from Case 7 and the long incubation period in the
guinea-pig and the chicken following inoculation with material held
in glycerine for 70 days give rise to legitimate doubt as to the
validity of the findings. The fresh material used was largely sur-
face grey matter. The discovery later that lesions were in the sub-
cortical white matterprompted us to try again with the small amount
of material that had been stored in glycerine. About half of this
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was white matter. There was only 0.2 gram and all was used rather
than separate the white from the grey matter. Work is now in
progress to determine whether a latent or slowly developing infec-
tion in guinea-pigs may be produced when the inoculating dose is
very small. From the data at hand this would seem to be the case
and may in part explain the findings recorded for Case 7.
Mice, following inoculation with either spinal fluid or brain
tissue, failed to develop symptoms or give evidence of having been
infected with the virus of choriomeningitis throughout this study.
The variations in the susceptibility of laboratory animals to various
strains of the virus isolated by other workers lead one to suspect
that certain strain differences exist.5 15, 18 The first strain isolated in
these laboratories'0 was highly infectious for mice, but lost its ability
to infect guinea-pigs by constant mouse-brain passage.
The failure to demonstrate neutralizing antibodies in the two
cases (1 and 4) in which these studies were attempted was a source
of concern inasmuch as the final proof was thereby lacking that the
infection in the patients was really due to the virus of choriomenin-
gitis. On the other hand, the animals used had been carefully
tested for the presence of virus, no case of cross-infection among
animals had been known to occur among our stock, and the appear-
ance of neutralizing antibodies has been reported as inconstant in
this infection. There were also 25 other cases, among whom a
variety of diagnoses were later proved, whose spinal fluid was
similarly studied and from which no virus was obtained. These
served as controls and added to the evidence that choriomeningitis
virus was not present among the stock animals in use.
SUMMARY
Eight cases of infection with the virus of choriomeningitis have
been described. The virus was isolated from the spinal fluid in six
instances and from the brain after death in two. The cases were
clinically divisible into one of three groups: (1) infection without
meningeal or neurological signs; (2) benign lymphocytic menin-
gitis; (3) encephalitis which may be mild, prolonged, or fatal. The
pathology of the fatal cases has been presented.
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